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Abstract-This study characterizes shock metamorphic effects preserved in concentric zones underly-
ing six glass-lined lunar microcraters, 0.4-4.4 mm in diameter. Petrographic observations and 
microprobe analyses were carried out on unshocked, shocked, and melted zones within microcraters 
on surfaces of the following rocks: anorthosite, 62255; anorthositic norite, 14314; mare basalt, 10085; 
and polymict breccia, 61175. Similar distinctive petrographic and petrochemical features are dupli-
cated in each of the microcraters examined and are comparable to those occurring in shocked Deccan 
basalts from Lonar Crater, India, nearly 2 km in diameter. The same five classes of shock effects found 
in ejecta from Lonar Crater can be identified within each lunar microcrater. In all these craters shock 
glasses are simple mixtures of target minerals; colorless glasses were derived from feldspar melts and 
brown glasses were derived from mixed feldspar and pyroxene melts. However, feldspar selectively 
vitrifies and melts at lower shock pressures than pyroxene. The bulk of glass liners is produced by 
whole-rock melting which forms brown basaltic glasses in Lonar basalts and in mare basalts (10085) 
and colorless glasses in anorthositic rocks (62255, 14314, and 61175). Evidence for significant 
volatilization of alkalies or contamination from impacting micrometeorites was not detected. Effects 
of weak shock (fracturing) and of intense shock (whole-rock melting) are predominant in microcraters 
and may be a source of fractured detritus and glasses found in the regolith. Effects of intermediate 
shock histories are distributed in very narrow zones, representing an extremely steep pressure decay 
profile. 

INTRODUCTION 
SHOCK METAMORPHIC EFFECTS produced by meteorite impact have been de-
scribed from a variety of naturally and artificially shocked basaltic rocks (e.g., 
Short, 1969; James, 1969; Dence et al., 1970; Chao et al., 1971; Stoffler et al., 1975; 
Kieffer et al., 1976 and others). Such effects are especially prominent in lunar 
regolith materials. The preponderance of a variety of impact produced glasses is a 
ubiquitous characteristic of lunar soils, i.e., agglutinates, glassy microbreccias, 
and glass-spherules. Because most of these glasses are thought to be the result of 
repetitive micrometeorite impact, it is necessary to assess the effects of individual 
microcraters. 

This study presents detailed petrographic descriptions and electron micro-
probe analyses of impact glasses as well as shocked and unshocked minerals 
associated with individual microcraters. Rocks of four typical lunar lithologies 
were studied: anorthosite, anorthositic norite, ophitic basalt, and polymict brec-
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1040 R. B. SCHAAL et al. 

cia. Thin sections taken as cross-sections through each microcrater showed that 
the spatial distribution of shock effects were preserved in situ enabling compara-
tive examination of petrographic and chemical features and direct measurement 
of dimensions of shocked zones. Compositions of impact glasses could be directly 
compared with the parent mineral(s) which enabled the study of specific problems 
such as selective vaporization of volatiles and amount of meteoritic contamina-
tion. 

Shock metamorphic features observed in lunar microcraters are comparable 
with those reported in shocked basalts from Lonar Crater, India, by Kieff er et al. 
(1976) and are categorized into five shock-intensity classes with pressures 
experimentally calibrated (ibid.). 

ANALYTICAL TECHNIQUE 

Chemical analyses were made with an ARL-EMX electron microprobe and an energy dispersive 
X-ray detector. Analytical conditions were the following: focused beam, 15 kV acceleration voltage; 
20-25 mA sample current; and 20 sec counting time. Corrections were made for background, drift, and 
dead time; corrected data were reduced according to Bence and Albee (1%8). Maximum absolute error 
was limited to 2% for elements constituting more than 1 % of the sample. Element abundances for each 
analysis spot are based on 4 to 8 repeats in counting with a precision better than 1 %. 

PETROGRAPHY AND CHEMISTRY OF MINERALS 
AND GLASSES IN MICROCRA TERS 

Textures, mineralogies, and chemical compositions were examined along a 
traverse radially through each microcrater, i.e., across: (1) impact glasses lining the 
crater wall; (2) shock metamorphosed zones immediately underlying the glass liner; 
and (3) unshocked host rock. To distinguish shock effects between mineral types, 
the microcraters are discussed in a sequence of increasing mineralogical complex-
ity of the host rock: pure plagioclase (anorthosite); plagioclase plus pyroxene 
(anorthositic norite); plagioclase, pyroxene plus ilmenite (basalt); and mixed 
plagioclase, pyroxene and glass detritus (polymict breccia). 

A. Anorthosite : A monomineralic target 
Three glass-lined microcraters were observed on a light-colored anorthosite 

clast, 2-3 cm long, in polymict breccia 62255. The craters, numbered 62255,38; 
-,40; and -,45, have nearly symmetrical concave shapes and rim-to-rim diameters 
of 1.72 mm, 0.39 mm, and 1.59 mm, respectively. For brevity only 62255,38 (Fig. 1) 
is discussed in detail although equally accurate analyses were carried out on 
62255,40 and 62255,45 and equivalent results were obtained. 

Anorthosite. The anorthosite clast in 62255 consists almost entirely of plagio-
clase crystals (An92 to An96) with diameters from 3.5 to 6.5 mm (Table 1 ). The 
common texture in the unshocked anorthosite is hypidomorphic granular, but a 
cataclastic texture is well developed near the microcrater, as evidenced by radial 
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Shock metamorphic effects in lunar microcraters 
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62255,38 ,'fy 
0.4mm 

Fig. 1. (Top) Glass-lined microcrater in thin section 62255,38 showing details of texture 
in underlying anorthosite. Circles, triangles, and squares locate electron microprobe 
analysis spots in glasses, plagioclases, and pyroxenes, respectively. Mosaic photomi-
crograph taken with transmitted light with polarizers crossed at 80°. Note radial 
fractures and patchy extinction. (Middle) Values of the anorthite ratio, 
(An x 100)/(An + Ab), for spots with corresponding numbers labeled below. Solid line 
joins values of spots in glass and dashed line joins values of spots in plagioclase. 
(Bottom) Schematic illustration of 62255,38 showing locations and identification num-

bers of analysis spots. 

1041 

© Lunar and Planetary Institute • Provided by the NASA Astrophysics Data System 

http://adsabs.harvard.edu/abs/1976LPSC....7.1039S


1976LPSC....7.1039S

@ 
t""' = = e; 
= Q. 

::si 
[ 
..... 
.... 
;'" 
• 

0 
< .... 
Q. 
Q. 
C" 

'-< ; 
z > rn > 
> Cll 

0 
"C =-'-< 

Cll .... 
t") 
Cll 

0 a 
rn 

'-< 
Cll 
;'" s 

Table I. Electron microprobe analyses of minerals and glasses in microcraters. 

Crater 62255,38 14314,9 10085,9007 
diameter (mm) 1.7 1.4 4.4 

-
95% 5% 72% 28% Average Green 1 Average 

Mode plag. pyx. glass plag. pyx. glass glass glass 

SiO2 43.5 51.1 44.0 44.9 53.6 45.7 45.7 40.54 
TiO2 - .16 .01 .05 .83 .05 .06 10.11 
Al2O3 35.8 .57 35.9 35.6 .95 36.1 36.4 12.9 
FeO .17 28.1 .28 .16 16.9 .19 .75 17.9 
MgO .12 17.0 .30 .02 25.3 .05 .69 5.72 
CaO 19.6 1.53 19.9 18.2 1.96 17.9 16.7 11.74 
Na2O .43 .14 .41 .88 .02 .89 .86 .40 
K2O .43* .49* .44* .14 .03 .16 .21 .09 
Total 100.00 99.09 101.2 100.0 99.6 101.0 101.4 99.4 
No.of 

analyses 6 2 22 5 7 21 1 25 

'Most MgO and FeO-rich example. 
*Values for K2O content unusually high; possible error in background correction. 

61175,106 
3.6 

Average 
glass Range 

44.7 (43.5-46.0) 
-

34.6 (30.2-37.4) 
1.10 (0.09-3.44) 
.86 (0.01-2.50) 

18.4 (17.7-19.1) 
.52 (0.31-0.77) 
.07 (0.04-0.10) 

100.2 
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Shock metamorphic effects in lunar microcraters 1043 

fracturing, strong undulatory extinction, and some granulation (Fig. 1). Hyper-
sthene (En50Fs46 Wo4), the only other major phase present, accounts for less than 5% 
of the clast volume (Table 1). 

Shock glass. The colorless glass lining the three microcraters is transparent in 
plane polarized transmitted light (Fig. 1, Top), and has a smooth, slightly wavy 
outer surface and a massive holohyaline texture. The liner covers the entire crater 
wall and fills fractures in the underlying minerals. Vesicles are rare. 

Compositions of 62255 ,38 impact glasses are nearly identical to those of the host 
plagioclase (Table 1). Figure 1 (Middle) shows that the anorthite ratios in the glasses 
and in the plagioclase may vary by as much as 3% over distances of a few microns. 
The variation of the anorthite ratio in the glass deviates from that in the plagioclase 
by less than 1 %. The glass compositions range between An92 and An96. The 
abundance of the orthoclase component in the glass and in the plagioclase is the 
same; it ranges from Or2.3 to Or25 with an average value of Or2.4. Glass in contact 
with pyroxene in the crater wall is not enriched in Mg, Fe, or Ca. Optical 
examination and qualitative analyses show a sharp physical and chemical contact 
between shock glass and a pyroxene grain in the crater wall indicating that the 
pyroxene grain did not contribute to the melt. 

Qualitative analysis of the impact glass and of the plagioclase with the energy 
dispersive X-ray detector did not show measurable concentrations of Ni, Co, or S 
within the detection limit of the instrument ( ~0.03 wt.% oxide). No evidence for 
meteoritic contamination was detected, in agreement with Brownlee et al. (1975), 
who studied impact glasses in 62255,40 and -,45. 

Shock metamorphic features. Shock features observed near the microcraters in 
anorthosite can be correlated with those described in shocked basalt from Lonar 
Crater, India, by Kieffer et al. (1976). A weakly shocked (Class 1) zone is identifiable 
in a zone concentric to the crater wall in each microcrater and is characterized by 
fracturing and undulatory extinction in feldspar crystals. In moderately shocked 
(Class 2) zones plagioclase is transformed into a colorless diaplectic glass 
(maskelynite) which retains the initial shape and composition of the parent grain. A 
Class 2 zone 5-10 µ,m thick can be recognized between the Class 1 zone and the 
glass-liner in each crater in 62255. In contact with maskelynite is a strongly shocked 
(Class 3) zone characterized by a colorless impact glass showing signs of incipient 
flow which distorts the initial rock texture. The remaining colorless glasses lining 
the 62255 craters display small scale flow and comprise very strongly shocked 
(Class 4) or intensely shocked (Class 5) zones described in shocked Lonar basalts. 
Although the spatial extent of mixing is not traceable, flow has obliterated initial 
crystalline textures. 

B. Anorthositic norite: A bimineralic target 
A glass-lined impact pit stands out on the surface of a light colored clast in 

sample 14314, which is a coherent polymict breccia containing light and dark 
clasts in a medium gray matrix. The cross-sectional morphology of the mi-
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Fig. 2. (Inset, left) Light colored anorthositic norite clast embedded in a dark-matrix, 
light-clast polymict breccia (14314). Plane polarized light. (Right) Enlargement of crater 

on surface of anorthositic norite clast showing textures of the thin glass liner and of the 
colorless plagioclase (white) and orthopyroxene (dark gray to black) in substrate. White 

dot pattern covers epoxy. 

. 

crocrater, approximately 1.44 mm in diameter, is seen in thin section 14314,9 

(Fig. 2). The impact pit has a slightly convex floor and straight walls. The inner 
surface of the glass lining conforms to the pitted crater surf ace and the outer 
surface is smooth. 

Anorthositic norite. This microcrater is contained entirely within a tabular 
anorthositic norite clast containing two major target minerals, colorless plagio-
clase, An~b90r1 (72% by volume), and brownish green orthopyroxene, 
En70Fs26Wo4 (28% by volume) (Table 1). The texture of unshocked portions of 
the anorthositic norite is hypidiomorphic-granular to panidiomorphic-granular. 
Plagioclase and the orthopyroxene grains are 0.02-0.53 mm in size, and occur as 
equant to tabular crystals, subhedral to euhedral in shape. Pyroxene crystals 
appear to be clustered, perhaps as a result of cumulate segregation with the 
predominantly feldspar-rich rock (Fig. 2). 

Shock glass. The glass liner is predominantly colorless, but contains a few 
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Shock metamorphic effects in lunar microcraters 1045 

light green schlieren up to 60 µ., in length. The margins of most schlieren are 
diffuse, suggesting flow. In some regions where the fluid intermixing was 
apparently less effective, the schlieren have bulbous outlines. The thickness of 
the glass liner in the microcrater is not uniform. 

The composition of the colorless glass is observed to be very similar to the 
composition of unshocked plagioclase (Table 1), indicating that contamination of 
the colorless glass due to mixing with pyroxene components is negligible. In 
addition, the variation of the anorthite ratio in the glass liner nearly coincides 
with that observed among the unshocked plagioclase crystals (Fig. 3): values in 
the glass range from 89.1 to 92.8, and values in the plagioclase crystals range 
from 88.6 to 92.8. 

The intensity of the green color in the glass schlieren correlates with the FeO 
and MgO content (Table 1), suggesting that the green schlieren originated as 
shock-melted pyroxene grains. 

Shock metamorphic features. Five shock metamorphosed zones extending to 
a depth greater than 0.2 mm below the microcrater wall can be defined in thin 
section 14314,9. A Class 1 zone is characterized by fracturing and undulatory 
extinction in feldspar and in pyroxene crystals. A Class 2 zone is well defined in 
this crater; a representative maskelynite grain is shown in Fig. 3 (spots 9 and 10). 
Pyroxene grains in the Class 2 zone are fractured but retain their initial crystal 
outlines. A Class 3 zone is identified by a thin layer of partially flowed colorless 
glass contacting maskelynite and unmelted pyroxene grains. Most of the 
remaining shock glass in microcrater 14314 constitutes the Class 4 zone and is 
characterized by colorless glasses which show signs of flow. Pyroxene minerals 
are partially to totally melted and have flowed locally obliterating initial rock 
textures. Sparse greenish schlieren in 14314 appear to be counterparts of brown 
basaltic glasses in intensely shocked (Class 5) samples from Lonar Crater. 

C. Mare basalt: A trimineralic target 
A microcrater approximately 4.4 mm in diameter was found in a basaltic rock 

chip sampled as a 9 mm fine from contingency sample 10085. Two polished thin 
sections, numbers 9005 and 9007, cut through the crater, show a glass lining less 
than 0.2 mm thick. 

Previous analyses. Engelhardt et al. (1970) already described distinct zones 
of progressive shock metamorphism in sample 10085,25,M61 (later renumbered 
as 10085,9005) and presented a chemical analysis of a brown glass, a gray 
"pyroxene" clast inclusion in the glass, and a pyroxene grain in the basalt. 

Basalt. The basalt chip 10085 is a high-titanium tholeiitic basalt which 
contains 48% pyroxene, 34% plagioclase, and 18% ilmenite as determined by a 
point count of 2400 points. The basalt has a fine- to medium-grained, ophitic 
texture. Small, tabular to acicular, plagioclase crystals up to 0.5 mm long are 
embedded in larger, equant to tabular shaped pyroxene crystals less than 1.5 mm 
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Fig. 3. (Top) Enlargement of left side of glass-lined microcrater 14314 shown in Fig. 2. 

Circles, triangles, and squares locate microprobe analysis spots in glass, plagioclase, 

and pyroxene, respectively. Polarizers crossed at 80°. (Middle) Values of the anorthite 

ratio for spots labeled below. Solid line joins values in shock glasses. (Bottom) 

Schematic illustration showing locations and identification numbers of analysis spots. 

long. The ilmenite grains are less than 0.5 mm long and have tabular to acicular 
shapes. The plagioclase composition ranges from An83Ab17 to An92Ab8 with a 

mean value of Ans9Ab11. There are two pyroxenes: augite with a mean com-

position of En~s20Wo36 and bronzite with a mean composition of En72Fs28• 

Detailed chemical analyses were reported earlier (Schaal et al., 1975). 

Shock glass. A glass lining coats minerals along the microcrater wall, fills 
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Shock metamorphic effects in lunar microcraters 1047 

fractures, and encloses some fragments of basalt. Vesicles up to 0.2 mm in 
diameter occur in the glass. The shock glass is heterogeneous on a 10-50 µm 
scale as shown by color variation. Correlation between color and composition of 
the shock glasses is shown in detail in Fig. 4. 

Microprobe analyses show that the reddish brown glass (Table 1) which 

A 

C 

10085,9007 

B 

D 

l111il111il 
100 p.m 

Fig. 4. (A) Photomicrograph of a totally isotropic zone in a Class 4 shock glass within 
microcrater in basalt 10085,9007. (B) Scanning microprobe Fe-Ka X-ray image in area 
shown in A. This "iron abundance map" consists of a total of 60,000 X-ray counts 
(white spots) showing that light brown and, especially, reddish brown glasses are rich in 
iron, probably derived from pyroxene and iron oxide melts. (C) A "magnesium 
abundance map" of 54,000 X-ray counts showing that light brown glasses are rich in 
magnesium and are probably derived from pyroxene melts. (D) An "aluminum abun-
dance map" of 52,000 X-ray counts showing that colorless glasses are rich in aluminum 

and are probably derived from plagioclase melts. 
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constitutes an estimated 90% of the total glass volume is composed of a mixture 
of plagioclase, pyroxene, and ilmenite components in relative abundances nearly 
coinciding with the calculated bulk rock composition (Schaal, 1976; Schaal et al., 
1975). The remaining glass varies from colorless to light brown. The colorless 
glass resembles nearly pure plagioclase in composition and the gradational 
darkening of the glass color is due to mixing with pyroxene and ilmenite 
components. Variation of relative abundances of N a2O and CaO in the glass 
appears to be strictly a function of admixing of CaO derived from pyroxene 
melts (Schaal et al., 1975; Schaal, 1976). 

Shock metamorphic features. A weakly shocked (Class 1) zone, as previously 
defined, extends from a depth 2 mm below the crater surface through the 
remainder of the rock chip. Maskelynite is easily recognizable in a moderately 
shocked (Class 2) zone, 6 mm wide and 2 mm deep, directly underlying the 
microcrater (Engelhardt et al., 1970). Pyroxene grains are fractured, but remain 
crystalline in this zone. A narrow transition zone, approximately 0.2 mm wide, 
exists between the Class 1 zone and the Class 2 zone where plagioclase is 
partially to totally vitrified to maskelynite. The strongly shocked (Class 3) zone 
is = 0.05 mm wide and consists of a colorless plagioclase glass exhibiting 
incipient flow. Pyroxene crystals are fractured. A very strongly shocked (Class 
4) zone is also recognizable lining the crater wall and consists of a colorless 
plagioclase glass which has flowed locally destroying initial rock textures. 
Pyroxenes are partially to totally converted to a light brown glass which did not 
mix with the colorless glass. The Class 4 zone occurs in discontinuous patches 
which may reach 0.2 mm in length (Fig. 4). The majority of the glass volume is 
light brown to reddish brown in color and characterizes an intensely shocked 
(Class 5) zone of shocked basalt directly analogous to Class 5 shocked basalt 
samples from Lonar Crater, India (Kieffer et al., 1976). 

D. Polymict breccia: A multicomponent target 
A microcrater in a more complex host material was also examined; sample 

61175 is a coherent, polymict breccia with a medium gray matrix and with more 
or less equal proportions of light and dark clasts. Thin section 61175,106 cuts 
through a single glass lined microcrater which has a relatively deep, nearly 
symmetrical concave shape approximately 3.6 mm in diameter (Fig. 5). The 
crater wall dissects several fine grained plagioclase clasts. Each clast displays 
progressively more severe shock effects toward the crater wall. The clasts are 
0.1-0.7 mm in size (Figs. 6 and 7). The glass liner coats both clasts and matrix 
and exhibits an irregular bulbous outline produced by local flow. 

Breccia. The polymict breccia contains clasts ( = 40% by volume) in feld-
spathic matrix (=60% by volume). Total feldspar content is approximately 80% 
by volume. The matrix minerals cannot be identified optically because the 
particle size is very fine-grained, but microprobe analyses indicate that the 
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Fig. 5. Glass-lined microcrater on the surface of lunar polymict breccia sample 61175. 
Note wavy glass liner and dissected feldspar clasts embedded in matrix. Plane 

polarized light. 
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matrix is composed of plagioclase and of pyroxene. The clasts are poorly sorted, 
subangular to subrounded grains ranging from 0.01 to 1.24 mm in diameter. The 
relative abundances of the cJasts are: unshocked basaltic clasts, 5%; unshocked 
pyroxene clasts, 15%; unshocked to weakly shocked plagioclase clasts (with 
twins, concussion fractures, and undulatory extinction), 25%; weakly deformed 
maskclynite clasts, 20%; and partially to totally recrystallized plagioclase clasts 
(with mosaic texture), 35%. 

Shock glass. The glass liner is predominantly colorless but contains a few 
small pyroxene inclusions which may be partially to totally fused (Figs. 6 and 7). 
The colorless glass is composed of feldspar components (Table 1). Textures and 
compositions indicate small-scale flow and mixing. Flow lineations nearly 
0.1 mm long are visible within colorless glasses and within light green glass 
inclusions (visible near spot 29, Fig. 7). Compositions change gradually over 
distances of 10-50 µ, in the glass liner, apparently due to small scale mixing of 
melts of individual plagioclase grains as illustrated in Figs. 6 and 7 and Table 1. 

Two bulbous regions in the glass liner contain several light green pyroxene 
clasts ranging in size from 0.02 to 0.12 mm (Fig. 7). Similar pyroxene clasts are 
equally abundant in the adjacent matrix in the crater wall. Pyroxene clasts in the 
bulbous glass region on the left have well defined boundaries and are crystalline. 
Microprobe analyses show a sharp chemical contact across grain boundaries 
between pyroxene clasts and colorless glasses. The glass in contact with 
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Fig. 6. (Top) Values of anorthite ratio for analysis spots in crystalline plagioclase 
(triangles) and in colorless shock glass (circles) corresponding to symbols and iden-
tification numbers in photo below. (Middle) Left side of microcrater in polymict breccia 
61175 shown in Fig. 5. Crater wall intersects two large plagioclase clasts and breccia 
matrix. Plane polarized light. (Bottom) Same as above, polarizers crossed at 80°. Note 
that compositions in glasses at spots 3, 5, 6, and 7, and at spots 13, 14, and 15 are nearly 
identical to compositions of adjacent plagioclase crystals at spots 1, 2, and 4, and at 
spots 16, 17, 18, and 19, respectively. A gradational composition change in the glass 
between these two plagioclase parent crystals, 0.7 mm apart, at spots 9-12, suggests 
that the glass is a simple mixture of the two end member plagioclase melts. The value 
of spot 8 is anomalously high, probably due to contamination from a partially melted 

unseen pyroxene grain. 

pyroxene clasts does not display flow textures. Thus, the pyroxene crystals must 
have remained relatively cold, while the surrounding feldspar matrix melted in 
situ as a result of the shock event. 

In contrast, amorphous light green inclusions in the bulbous glass region on 
the right originated as pyroxene clasts which were partially to totally melted to 
glasses of pyroxene composition. Their diffuse grain boundaries are evidence for 
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Fig. 7. (Top) Values of anorthite ratios for electron microprobe analysis spots in glass 
(circles) and plagioclase (triangles) identified in photo below. (Bottom) Right side of 
microcrater in 61175,106 shown in Fig. 5. Bulbous colorless glass regions contain 
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incipient melting along their edges. The spatial extent of fluid intermixing of light 
green glasses with colorless glasses is at most 0.05 mm. Thus, total melting of 
plagioclase, partial melting of pyroxene, and small scale flow of these melts 
produce the texture of the region on the right. 

Shock metamorphic features. A weakly shocked (Class 1) zone occurs in a 
band approximately 1.2 mm wide at a depth between 0.2 and 1.4 mm below the 
crater wall. A moderately shocked (Class 2) zone is approximately 0.2 mm deep. 
The thickness of the Class 3 zone is variable, but it may reach 0.5 mm. A 
distinctly flowed colorless plagioclase glass makes up the very strongly shocked 
(Class 4) zone, which is the major part of the glass liner. The Class 4 zone varies 
in thickness from 0.05 to 0.3 mm (Figs. 6 and 7). Sparse vesicles up to 0.05 mm in 
diameter occur in this zone. Partially to totally melted pyroxene inclusions 
characterize patches of Class 5 zones in the glass liner (Fig. 7). The incipient 
pyroxene melts remain in close contact to the parent clasts and small-scale 
mixing of the pyroxene melt with the plagioclase melt produces chemical 
heterogeneities on a small scale. 

INTERPRETATIONS OF "THE OBSERVED SHOCK 

FEATURES IN MICROCRATERS 

A comparison of the observed shock effects in lunar microcraters (a few 
millimeters in diameter) with shock effects in basalts from the terrestrial Lonar 

© Lunar and Planetary Institute • Provided by the NASA Astrophysics Data System 

http://adsabs.harvard.edu/abs/1976LPSC....7.1039S


1
9
7
6
L
P
S
C
.
.
.
.
7
.
1
0
3
9
S

1052 R. B. SCHAAL et al. 

crater (1.8 km in diameter, Kieffer et al., 1976) leads to the following con-
clusions. 

A. A similar-if not identical-sequence of shock metamorphic effects is 
found in all craters, suggesting that similar zones of shock metamorphism occur 
around high-velocity impact craters, independent of scale. In all craters, feld-
spars show a wide range of shock deformations and are probably the best 
indicators of the shock history (e.g., James, 1969; Stoffler, 1972). 

Variations of shock features with crater size are limited to small scale 
textural and chemical effects: in the large impact crater at Lonar, minute 
dendritic magnetite crystals are found in shock melts and in shocked pyroxene 
grains and chemical homogenization by mixing are much more fully developed 
than in the lunar microcraters (Kieffer et al., 1976; Schaal, 1976). Both of these 
effects would be favored by the longer duration of the shock pulse and/or by 
different cooling rates of the melt associated with Lonar Crater. 

B. Shock glasses are simple mixtures of target minerals. The colorless 
glasses observed are chemically identical to initial plagioclase crystals; colored 
glasses reflect admixture of pyroxene components. Impact glasses appear 
colored if the total iron content, expressed as FeO, exceeds about 10 wt.%. 
Thus, whole-rock melts generated in Class 5 zones (P ;:a,: 800-1000 kbar) (Kieffer 
et al., 1976) in feldspar-rich rocks produce colorless glasses while those from 
pyroxene-rich rocks, i.e., basalts, produce colored (brown) glasses. The scales of 
homogeneity/heterogeneity of impact glasses are in part caused by textural 
relationships in the host rocks in agreement with Chao et al. (1970) and also by 
partial or complete melting of mineral or lithic detritus incorporated into the 
impact melt, i.e., as dislodged "clasts." The latter mechanism appears to become 
more dominant as crater size increases (e.g., Stahle, 1972; Simonds, 1975). 

Despite detailed efforts, no evidence for elemental fractionation via selective 
volatilization of, e.g., Kand Na could be observed, in agreement with Chao et al. 
(1970). The melts remaining inside a microcrater, however, are most likely the 
coolest ones of the entire cratering event; still hotter materials-possibly close 
to the boiling point of specific volatiles-were ejected. Thus, we cannot exclude 
possible selective volatilization to occur during free flight of still hotter ejecta. 

C. Individual glass schlieren of feldspathic compositions in polyphase targets 
are generally the result of selective melting of feldspars at shock pressures lower 
than that required to produce whole rock melts. This result is consistent with the 
observations of many others (e.g., James, 1969; Stoffler, 1972; Kieffer et al., 
1976). The total volume of such selective feldspar melts, however, is significantly 
less than the volume of the whole rock melts. 

D. Despite detailed efforts, no evidence for meteoritic contamination was 
observable in our microprobe analyses. Variations in major elements, e.g., Mg 
and Fe (see also Nagel et al., 1975, 1976), are all compatible with a target origin 
and no enrichment in Ni or S was detected in agreement with Brownlee et al. 
(1975). Furthermore, a detailed search in the crater glasses for metallic spherules 
derived from the projectile (Nagel et al., 1975, 1976) was also unsuccessful. No 
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projectile chemistry could be extracted from the six crater glasses analyzed. 
These results conflict with some of the interpretations by Nagel et al. 

E. In general, the pressure decay profile is extremely steep as evidenced by 
the shallow distribution of shock zones of Classes 4, 3, and 2 ( ~ 800-200 kbar, 
Kieffer et al., 1976) with respect to the overall crater size. 

In feldspar-rich host rocks, i.e., 62255, 14314, and 61175, the approximate 
radial depth to the interface between Class 1 and Class 2 zones (measured from 
the impact center on the plane of the original surf ace) is less than one-half of the 
dimension of the crater diameter. The predominant shock features in the 
feldspar-rich rocks are colorless glass liners (Class 5 zones) with average 
thicknesses ranging from 6 to 10% of the crater diameter, and fracturing and 
undulatory extinction (Class 1 zone) extending to maximum depths less than the 
dimension of the crater diameter. 

In a pyroxene-rich host rock, i.e., basalt, 10085, the approximate radial depth 
to the interface between Class 1 and Class 2 zones is nearly equal to the 
dimension of the crater diameter. The prevalent shock zones are Class 2 zones 
(maskelynite) and Class 1 zones (fracturing). Class 1 and Class 2 zones are 
prevalent in micro crater 10085 and extend to a maximum depth greater than the 
dimension of the crater diameter. The average thickness of the brown glass liner 
is less than 4% of the crater diameter. Thus, pyroxene-rich rocks are more 
resistant to shock damage than feldspar-rich rocks and may attain deeper 
profiles of low pressure effects. 

Predominance of Class 1 and Class 5 shock metamorphic effects in lunar 
microcraters may contribute to the abundance of shocked detritus and glasses 
observed in the regolith (Quaide and Bunch, 1970). 

F. The interpretation of the "Apollo Soil Survey" and others (e.g., Reid et 
al., 1972) which relate the chemistry of numerous, relatively homogeneous glass 
spherules to the chemistry of potential parent lithologies, are further sub-
stantiated by the present analyses: glasses of host rock composition are 
produced on appropriately small scales. Except for some selective feldspar 
melts, all analyses performed do indeed cluster around the rocks' bulk com-
positions; glasses which reflect specific, unrepresentative mineral fractions of 
the host rock are rare (e.g., Gibbons et al., 1975; Kieffer et al., 1976). 

Following these suggestions and the arguments of Reid et al. (1972), an 
apparent bimodal source area and history of regolith glasses becomes obvious: 
Type I glasses-mostly homogeneous spheres-that are directly derived by 
impact onto discrete rocks (or outcrop) and that have not undergone additional 
processing; Type II glasses-agglutinates-are derived from impact into soils 
(e.g., Mendell and McKay, 1975; Gibbons et al., 1976) and thus reflect a mixture 
of source areas and various levels of reworking and homogenization. 
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